SUMMARY The gastric and intestinal handling of a standard liquid 300-ml meal (0-89 kcal/ml) was examined in 10 healthy, non-obese subjects by a quantitative multiple-indicator dilution technique. Such a meal contains about one-tenth of the daily energy requirements. The heavier the subject the more energy was transferred from the stomach to the intestine during the first 80 minutes after taking the meal. A high body weight was also associated with a rapid transit through the proximal 70 cm of intestine and the passing of a substantial part of the meal calories to the lower intestine. These circumstances favour a fast incorporation of fed calories. In subjects with lower body weights energy was delivered more slowly from the stomach. They absorbed an equal amount of energy in the proximal intestine as did the heavier subjects, but during longer transit times. The percentage absorption in the investigated segment was therefore higher.
The part played by the human stomach and intestine in regulating the energy influx after feeding, and the influence of various body factors on the gastrointestinal handling of food are not fully known. We have recently introduced a multiple-indicator dilution technique by which gastric and intestinal function can be measured for several hours after eating. We used it in the present study to After an overnight fast the subjects drank 300 ml of a standard liquid meal containing 5 g lactose, 3-6 g protein (skim milk powder), and 5 9 g fat (corn oil) per 100 ml. Polyethyleneglucol (PEG) 3 g/100 ml was added as a marker. The caloric value was 0-89 kcal/ml. The multiple-indicator dilution technique has already been described (Johansson et al., 1972b; . The method of calculation is claimed to be valid because experiments with a simulated stomach and intestine showed only small differences between measured and calculated values for flow volumes and input rates (Johansson et al., 1972a) . The reproducibility of the method is high (Johansson, 1974) .
The procedure is as follows. The upper gastrointestinal tract is intubated with three thin tubes the day before an experiment. After swallowing they are allowed to pass by normal peristalsis to their respective correct positions in the gastric antrum, the duodenum descendens, and the jejunum 70 cm from the pyloric sphincter.The test meal containing PEG as a marker is given. Samples from the gastric antrum are thereafter withdrawn at 20-minute intervals (Fig. la) . From the beginning the duodenal contents are continuously marked by one of the three following indicated substances infused one at a time at a constant rate in the following order, with a change of indicator every 40 minutes: unlabelled vitamin B12, 57Co-labelled vitamin B12, and 58Co-labelled vitamin B12. The jejunal contents are siphoned off at intervals of 20 minutes.
The gastric samples are analysed for concentrations ofPEG, meal constituents, and hydrochloric acid and the jejunal recoveries for concentrations of duodenal indicator substances, PEG, and meal constituents. (Fig. Ic) .
The principles of calculating mean transit times in the upper intestine are essentially the same as those devised by Meier and Zierler (1954) passed the jejunal sampling site during the 20-minute period n if the absorption had been nil. Ln left the stomach concomitant to the n:th jejunal portion of PEG.
Pnmg is the amount of a nutrient which passed unabsorbed at the jejunal sampling site during the 20-minute period n.
An 100 proportion of Ln absorbed during its En transit of the proximal 70 cm intestine n 100 unabsorbed proportion of Ln (
The amounts of fat, protein, and lactose were translated into their caloric equivalents and added (Rubner, 1885 66-7 ± 8-6 41-3 ± 3-5 25 5 ± 3-2 21-5 ± 4-3 23-4 ± 5-3 15 5 ± 2-4 16-7 ± 2-6 Hydrochloric acid (mEq) 1-7 ± 0 4 3-7 ± 0 9 5 6 ± 1-3 6-1 ± 1-2 4 9 ± 0 9 4-1 ± 0-7 3-9 ± 2-3 Gastric secretion (ml) 36 ± 9 54 ± 14 56 ± 8 61 + 8 49 ± 13 38 ± 9 30 ± 80 Transit times (min) 5 0 ± 0 7 13-2 ± 1-7 16-6 ± 2-1 18-9 ± 3-2 22-0 ± 3-7 24-7 ± 3-9 27-2 ± 3-8 29-6 ± 4-2 Jejunal flowvolumes (ml) 135 ± 41 142 ± 17 105 ± 18 71 ± 11 58 ± 10 51 ± 7 50 ± 6 42 ± 5 The average delivery rate of calories was maximal soon after ingestion, then decreased, and was constant after the first hour. An average of 53 ± 3 % of the calories contained in an average volume of 429 + 35 ml left the stomach within 80 minutes of taking the meal. Amounts of hydrochloric acid emptied and volumes ofgastricjuice secreted are shown in Table 2 .
Because of individual variations in gastric delivery and intestinal transit times the time ofjejunal peak flow differs from subject to subject. The average jejunal flow rate (7d1 ± 0 9 ml/min) was highest during the second 20-minute period.
The initial test meal transit speed was high. Thereafter it slowed. Transit times and jejunal flow volumes are shown as mean volumes (Table 2) , which obscure individual fluctuations. The higher the available load (Fig. 3 ) the higher was the amount of energy absorbed in the segment. Although the proportion absorbed was fairly constant in relation to the load variations occurred which might have been due to variations in transit times (Johansson 1975) . Soon after the meal, when transit through the proximal intestine was rapid, the percentage energy absorption was lower and a considerable amount was unabsorbed. (Table 3) The gastric delivery rate of energy to the intestine was higher the heavier the subject. The correlation between the body weight and the number of calories emptied during the first 80 minutes after the meal was highly significant (p < 0001) (Fig. 4) Whereas there was no significant correlation between the body weight and the emptied hydrochloric acid or the emptied volume, the volume of gastric secretion during the first 80 minutes after the meal was larger the heavier the subject (p < 0-05).
RELATION BETWEEN BODY WEIGHT AND GASTRIC AND INTESTINAL HANDLING OF AN ORAL LOAD
The passage through the proximal 70 cm intestine was more rapid in heavy subjects (p < 0-05). The average transit time during the first 80 minutes was inversely proportional to the body weight (Fig. 5 ). The absorption of energy (65-4 ± 5-2 kcal) from the first 80-minute load (134-8 ± 9.3 kcal) during its transit of the proximal 70 cm of the intestine was independent of the body weight. The heavier the subject the more calories (p < 0-05) left the test segment unabsorbed and the higher were the fluid volumes (p < 0-02) which left the test segment.
Discussion
Hunt and Stubbs (1975) found that the rate of emptying of the stomach slowed as the caloric density of a meal increased. This was shown with test meals of different compositions and volumes. Thus calories per time is an adequate way of expressing the inhibitory effect on gastric emptying of any composite meal. The hyperbolic shape of the curve suggests that the protective mechanism against overloading of the intestine is effective at caloric densities below 1 kcal/ml, whereas any further increase in the density is likely to result in the delivery of more calories to the intestine per time unit. Since the gastric emptying rate should influence the rate of incorporation of fed calories. Hunt and Stubbs (1975) examined the dietary records of subjects of various weights and found that meals consumed by heavy people were of a higher caloric density.
Another aspect of the relation between body weight and gastric emptying is shown in the present paper. After subjects of varying weights had been fed with a composite meal of a caloric density of 0-89 kcal/ml the caloric transfer rate to the intestine was higher the heavier the subject. The relationship between the body weight and emptied calories became increasingly direct with the time that had elapsed since eating and was highly significant for the amount of energy transferred during the initial period of 80 minutes.
After a meal the stomach starts to empty its contents at a high rate. The presence of digested food in the duodenum (Hunt and Knox, 1968; Knox and Mallinson, 1971 ) triggers mechanisms by which the gastric propulsion is inhibited and the emptying of the gastric contents (test meal plus secretion) is slowed. Although we have not yet identified the mechanisms of this feed-back system, some of the ways in which they operate are evident.
As previously shown (Johansson, 1974) , the interval between a meal and any sign of inhibition of gastric propulsion is influenced by the composition of the meal. Analysis of individual emptying patterns in the present series further shows that the promptness with which inhibition is initiated is related to the time taken to establish full inhibition-that is, the time that elapses before a constant, slow rate of emptying is established. The three experiments (Fig. 6 ) illustrate this. A slow initial emptying rate (Fig. 6 top) , which is equivalent to prompt inhibition, is followed by a comparatively quick emptying rate and a late change to a constant emptying rate. The opposite situation prevails in the lower experiment (Fig. 6 bottom) , in which slow initiation of inhibition is followed by a steady transfer rate 40 minutes after ingestion of the meal. If we accept that the gastric inhibition is triggered by digested food in the duodenum the logic of these examples is evident. The immediate delivery of a larger caloric load to the intestine should elicit a larger inhibitory response and consequently earlier full inhibition.
In the present series the initial gastric emptying rate was not weight dependent nor was the interval from feeding until a constant emptying rate was established. A positive correlation (p < 0-001), however, existed between the body weight and the total number of calories emptied before a steady transfer rate was reached. This seems to indicate that the heavier the subject the more emptied energy is needed to establish full gastric inhibition. The existence of these initial and adaptive phases of the gastric emptying pattern after feeding explains why the correlation between body weight and emptied energy increases with time from food intake. After 80 minutes these phases were completed in all cases and the gastric contents then began to empty at slow constant rates.
The faster gastric secretion rates seen in the heavy subjects were not paralleled by a larger total secretory response. The volume of secretion from meal intake until 97 5 % of the test-meal marker had left the stomach amounted to an average of 270 ± 35 ml and was unrelated to body weight.
Hydrochloric acid infused into the stomachs of fasting human subjects delays gastric emptying in proportion to the concentration of acid in the infusate (Hunt and Knox, 1965) . It was uncertain whether hydrochloric acid, secreted and emptied in response to an ingested meal, had an inhibitory effect on gastric emptying. Our findings showed that the higher the gastric secretion rate the more rapidly were the gastric contents transferred to the intestine (p < 0-02). This agrees with previously reported results (Johansson et al., 1976 ) and points to a positive correlation between the gastric secretion rate and the gastric propulsive motility after physiological stimulation.
Another reflection of the adjustment to body weight were the higher average transit times through the proximal intestine in the heavy subjects. It might be argued that rapid transit was a consequence of the higher energy transfer rate from the stomach, (Johansson, 1975 ) that absorption in a segment depends on the size of the load and on the duration of its contact with the intestinal mucosa-that is, the time taken to traverse the segment. Data from the present series support the earlier findings in that the amount absorbed from the first 80-minute load was higher when the average transit time was longer (p < 0-02). Figure 7 shows how a rapid transit greatly limits the percentage absorption (area above curves) in a segment, and consequently is associated with the propagation of a larger proportion of the first 80-minute load of energy to lower parts of the intestine. Hence the more rapid transit in the heavier subjects limited absorption from their early high loads and more calories left the proximal intestine unabsorbed and were exposed to a larger mucosal area. These circumstances should result in a faster incorporation of fed calories in heavy than in light subjects. 
